Structural heterogeneity in the Man8-13GlcNAc oligosaccharides from log-phase Saccharomyces yeast: a one- and two-dimensional 1H NMR spectroscopic study.
Previously, Man8-14GlcNAc oligosaccharides were isolated from highly purified Saccharomyces cerevisiae invertase and shown by one-dimensional 1H NMR spectroscopy and alpha 1,2-linkage-specific mannosidase digestion to constitute a homologous series of nearly homogeneous compounds, which appeared to define the intermediates in oligosaccharide core synthesis in yeast (Trimble, R.B. and Atkinson, P.H. (1986) J. Biol. Chem., 261, 9815-9824). To evaluate whether invertase oligosaccharides reflected global core processing of yeast glycans, the soluble glycoprotein pool of disrupted log-phase cells was digested with endo-beta-N-acetyl-glucosaminidase H and Man8-13GlcNAc were isolated by Bio-Gel P-4 chromatography. Although analysis of each size class by one-dimensional 400 MHz and two-dimensional 500 MHz phase-sensitive COSY 1H NMR spectroscopy revealed considerable structural heterogeneity in all but Man8GlcNAc, the major positional isomer in Man9-13GlcNAc (approximately 50%) was identical to that previously elucidated on invertase. The heterogeneity resided in four families of oligosaccharides: (i) Glc3Man9GlcNAc----Man8 GlcNAc trimming intermediates; (ii) alpha-mannosidase degradation products of the principal isomers; (iii) mannan elongation intermediates; (iv) core structures with the alpha 1,2-linked mannose usually removed by the processing alpha-mannosidase. The potential for the vacuolar alpha-mannosidase (AMS1 gene product) to generate heterogeneity in vitro was confirmed by isolating oligosaccharides from AMS1 and ams1 yeast strains in the presence of a Man13GlcNAc[3H]-ol marker (where GlcNAc[3H]-ol is N-acetylglucosamin [1-3H]itol). Degradation of the Man13GlcNAc[3H]-ol to Man9-12GlcNAc[3H]-ol occurred in the former, but not in the latter. A role for the vacuolar alpha-mannosidase in generating at least some heterogeneity in vivo was inferred from the 1H NMR spectrum of the AMS1 Man11GlcNAc pool, which showed more structural isomerism than seen in the spectrum of a comparable ams1 Man11GlcNAc preparation. Thus, the principal biosynthetic pathway of inner core mannan in Saccharomyces is defined by the Man8-13GlcNAc oligosaccharides found on external invertase, while structural heterogeneity in these size classes results from precursor processing in the endoplasmic reticulum, core extension in the Golgi and metabolic degradation in the vacuole.